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Success stories and practical considerations using
HPC resources in academic and industrial use cases
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Key areas of biomedical research where HPC
is key

Protein Biophysics
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Rational Drug Discovery

Q Identify important genes for a diseases

0 Targeting/inactivating genes (proteins) of the pathogen with small
molecules = drugs

TARGETED THERAPY!

Curr Opin Drug Discov Devel. 2002 May; 5(3): 355-360

Zoe Cournia — Academy of Athens



The era of Personalized Medicine

Lung Cancer

!
genotyping
!

4% of patients with
non-small cell lung carcinoma
Rearrangement in ALK protein

i

carcinogenesis
[
Drug design for this specific
subset of patients

]

Crizotinib for ALK+
lung cancer patients




Ingredio is an app that makes ingredients easy to understand




User takes a
picture of the
ingredient label
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My early days: HP-SEE (2010-2012)

Existing infrastructure
Blue Gene/

IBM Blue Gene/P —two racks 2048
PowerPC 450processors (32 brts, 850
MHz), a fofa/ of 8792 cores

Double-precision, dual pipe floating-
point acceleration on each core;

A total of 4 TBrandom access

memory;

16 1/0O nodes currently connected via
fiber optics to 10 Gb/s Ethernet switch;

Theoretical peak performance: Rpeak=
27.85 Tflops;

Energy efficiency: 371.67 MFlops/
Green top 10

Smaller HPC machines in Romania
BulgariaHungary

Upcoming purchases in Hungary
Serbiaand Greece

HP-SEE

Node Coard
(32 chips 4xdx2)
32 compute, 0-2 10
cards
Compute
Coard
ichip40 W
DRAMs

. T

4 processors

&

136 GFis

20GB DDR
136 GF/s

8 M8
EDRAM

32 Node Caras

435 GF/s
64 GB

System
72 Racks

Cabled BxBx16

Slide by I Liabotis

Figure 12 Bive Gene'P packaging

8th e-Infrastructure Concertation Meeting, November 2010




Key: Getting Preparatory

sec/step
CURIE JUGENE
cores | NAMD | GROMACS | NAMD | GROMACS
32 0.46 0.096 0.411 0.910
64 0.26 0.05 0.405 0.440

(128 1 0133 | 0.027 0406 | 0.400
256 | 0.072 0.014 0215 0.270
512 | 0.041 0.008 0.115 0.190 2000 B '
1024 | 0.023 0.134 0.069 0.140

2048 | 0.017 0.004 0.047 0.020
4096 | - 0.0047 | 0.045 0.016
8192 | - 0.0038 | 0.042 0.020
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Table 1: Results from the benchmark analysis performed on the CURIE and JUGENE clusters
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Figure 1: GROMACS performance in CURIE and JUGENE clusters. 150} .
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Figure 2: NAMD performance in CURIE and JUGENE clusters.



CHEMMEDCHEM

CHEMISTRY ENABLING DRUG DISCOVERY

7/2012

A Journal of The inside cover picture shows the all-malecul of Amp2/3 P
>Ry ) A seven-subunit 225 KD protein that branch aah" The X+ay structure ohho com-
" J  Plex bound to a known inhibitor, CK-666, was solved, and putatis and i

:v methods were used 16 o 4 novel inhibitor with P 100l comp
+ * for dissecting the auulat functions of Arp2/3 complex. For monr dmlls. see the Full Paper by Brad ).
* ok Noten et al, on p. 1286 1.

CMME:?.?:: www.chemmedchem.org @W] LEY'VCH

‘ I ‘ o f Chemac Thaoy s Covpitin [ Anide |
pubs.acs org/JCTC

Free Energy Calculations Reveal the Origin of Binding Preference for
Aminoadamantane Blockers of Influenza A/M2TM Pore
Paraskevi Gkeka,™ Stelios Eleftheratos” Antonios Kolocouris,** and Zoe Cournia*”

"B dical Research Foundation of the Academy of Athens, 4 Soranou Ephession, 11527 Athens, Greece

*Faculty of Pharmacy, Department of Phar tical Chemistry, University of Athens, Panepistimioupolis-Zografou, 15771 Athens,
Greece

© Supporting Information

ABSTRACT: Aminoad d , such as amanta-

dine and rimantadine, have been reported to block the M2
membrane protein of influenza A virus (A/MZ’I'M), but their
use has been di d due o rep in
humans. Understanding the mechanism of achon of
amantadine derivatives could assist the development of novel
potent inhibitors that overcome A/M2TM resistance. Here, we
use Free Energy Perturbation calculati pled with

Biochimica et Biaphysica Acta 1838 (2014) 1031-1046

Contents lists available at ScienceDirect

BBA
=

Biochimica et Biophysica Acta

journal homepage: www .elsevier.com/locate/bbamem

Insights into the molecular basis of action of the AT, antagonist losartan @mm
using a combined NMR spectroscopy and computational approach

Maria Zervou **, Zoe Cournia ®, Constantinos Potamitis *, George Patargias ®, Serdar Durdagi ',
Simona Golic Grdadolnik “*, Thomas Mavromoustakos ¢

* Natianal Hellstic Research Foundation, Instinute of Biolagy, Medicinal Cremitry & Botecdmobgy, Vet Consantiou 48, 11635 Athens, Greere
® Biomei cal Research Foundation of the Academy of Athens, 4, Seranou Efeion, 11527 Athens, Geeee
© Labaratory of Boamolerulor Siructure, National Inss e of Chemissy, Hojdribova 19, POB 30,5111 15 Liubliang Skovenia
# EN-FIST Centee of Excellence, Dunajska 156, SI-1000 Ljubljana, Sovenia
* Chemistry Department o f National Capodistrian Liniwersity, Zographau, Athens 15784, Crece 10



Through these publications was able to
successfully apply for PRACE resources

| *
\\\ * * *
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PRACE

Europe’s Supercomputing Research Infrastructure




PRACE-GR — ARIS: The Greek HPC System
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Total: “10 M core hours awarded (2014-2021)



Protein-membrane interfaces in drug design

Peripheral Proteins lon Channels Drug Design

Leontiadou et al, Sci Rep, 2018 Cournia et al, J Chem Inf Model, 2018 Athanasiou et al J Comput Aid
Gkeka et al, J Phys Chem B, 2015 Gkeka et al, J Chem Inf Model, 2013 Mol Des, 2018

Gkeka et al, PLOS Comp Biol, 2014 loannidis et al, J Chem Inf Model, 2016  Lionta et al, Curr Top Med
Chem, 2014 13

Zoe Cournia — Academy of Athens



MD Simulator requirements

e System size: ~400.000 atoms
 Parallelization

(getting an idea of the level of computation needed)

 Whole System is broken down into
boxes (processing nodes)

e Each node handles the bonded
interactions within a cutoff

H BH B
&@%

4>'&

Zoe Cournia — Academy of Athens
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GRNET HPC Support: Optimizing Performance

@@ Threads/Task=1 ! ! I
®-® Threads/Task=2 i
@O Threads/Task=10
50 | @@ Threads/Task=20

— 40 - . oy ® .
g | | Dimitris Dellis
Z
830~ |10x8x8 GRNET
£
R
=20 PI3Kat
- (400,000 atoms)

10 —

0 10 20 30 40 50
# nodes
O Both the communication and the box 3D decomposition in cores has to be optimal in
order to gain maximal performance.
L Decomposition 11 x 2 x 1 is NOT optimal
L Decomposition 10 x 8 x 8 is optimal 15



Binding site Prediction Virtual Screening

Crystal structure Database 1 Database 2
1 Ligand conformations
Molecular Dynamics Glide Docking & Scorin

!

Cluster conformations
from trajectory (RMSD)

!

1,000
Binding site prediction and (Top Glide ***Hits
confirmation for allosteric based on G-score)
pockets
(Q-Site Finder, PCA) 1 postprocessing
Lionta et al, Curr Top Med Chem (2014) 30 compounds assayed in vitro and in vivo

Zoe Cournia — Academy of Athens
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Intellectual Property

1) Z. Cournia, S Christoforidis, A Kapela, E Couladouros, A Efstratiadis, “Method of
preparation and use of phosphoinositide 3-kinase inhibitors in treating cancer”.
PCT/EP2019/072648.

2) Z. Cournia, S Christoforidis, A Kapela, E Couladouros, A Efstratiadis, “Novel
allosteric phosphoinositide 3-kinase alpha inhibitors and applications thereof”.
German Patent Application No. 10 2020 202 356.5.

3) D. Stellas, Z. Cournia, C. Tamvakopoulos, A. Klinakis & A. Efstratiadis. “Novel
Compounds for use in treating or preventing cancerous diseases”. US Patent
10,287,294. Application number EP 15 175 918.0.

4) D. Stellas, Z. Cournia, C. Tamvakopoulos, A. Klinakis & A. Efstratiadis. “Compounds
for use in treating or preventing cancerous diseases”. International Patent Application
number PCT/EP2015/050169.

) NOVARTIS

NOVARTIS INSTITUTES 18
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VRE for regional Interdisciplinary
communities in Southeast Europe
and the Eastern Mediterranean

Coordinator: GRNET

Oct 2015 — Sep 2018
Life Sciences - Scientific Community

Dr. Zoe Cournia
Life Sciences Scientific Community Leader

Biomedical Research Foundation, Academy of
Athens




VI-SEEM Success Story: The D3R Project (‘V

Vi-SEEM

Farnesoid X Receptor (FXR) — Computer-Aided Drug Design competition:
D3R challenge Grand Challenge 2 (Oct 2017 — Feb 2018)

O Worldwide drug design competition organized by University California, San Diego

& Roche Pharmaceuticals
O Goal: Predict blinded experimental data courtesy of Roche

O D3R project was allocated 5,000 GPU card hours of VI-SEEM resources

O C. Athanasiou, S. Vasilakaki, Z. Cournia
(Biomedical Research Foundation
Orange: crystal structure

Green: predicted pose Academy of Athens)

O D. Dellis (Greek Network of Research and

RMSD = 0.316 A Technology)

O W. Sherman (Silicon Therapeutics)



VI-SEEM Success Story: The D3R Project

Vi-SEEM

O Ranked #1 out of 46 teams in this worldwide drug design competition .

QO

/N\//N

Benzimidazoles

6-9, 13-14, 19-22,

24-32, 35-36
Mean RMSD: 0.84 A
Mean Rank: 8

v Known chemotype
in crystal structures

v Docking, alignment,
minimization
worked really well

Sulfonamides

15-17

295 A

6

v Cross docking
predicted
unknown
binding mode

Br

Spiros

10-12

3.45A

v Cross docking
predicted
unknown
binding mode

Isoxazoles
4,23, 33

4.94 A

43

v Diversity in
binding modes

did not allow for

accurate
prediction

Miscellaneous

1-3,5, 18, 34

5.57 A

24

v Cross docking
did not work

Athanasiou et al, JCAMD 2018



Vi-SEEM

VI-SEEM Thematic Services

O Nano-Crystal
http://nanocrystal.vi-seem.eu/

O FEPrepare

O ChemBioServer .
http://feprepare.vi-seem.eu

http://chembioserver.vi-seem.eu/
Service for filtering, clustering and ”

A crystallographic tool for the construction of A tool for the construction of spherical nanoparticle

nanoparticles

oo - =N
" .

visualization of chemical

compounds used in drug discovery

Busic Swarch

0 Erowse Cumpounds
Filtering

0 Predefined Queries

@ Combined Search

Advanced Filtering
O Substructure

@ Von der waals

ChemBioSekve

& ChemBioServer Info

Welcome to ChamBioServer

Pliase cke the pregram s
ChemBioServen o web-bazed pipeline for hitering, clustenng and visuslizston of chemucal
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National Initiatives for
Open Science in Europe

N140S-EU vs COVID-19 %%’ s

NI¢OS

Zoe Cournia, BRFAA Europe

Life Sciences Scientific
Community Leader

International COVID19 HPC Knowledge Exchange Group Meeting, 4 June 2020



NI40OS-Europe

Greece
Cyprus
Bulgaria

Croatia

Serbia

Slovenia

Hungary

Romania

Albania
Bosnia-Herzegovina
North Macedonia
Montenegro
Moldova

Armenia

Georgia

Credits: Federica Tanlongo — GARR
federica.tanlongo@garr.it - EOSC-

Dill~p

International COVID19 HPC Knowledge Exchange Group Meeting, " ine 2020



2 NI40OS-Europe takes action in the fight against COVID-19:

0 NI40S-Europe opens a fast track access channel to its

0 Generic services -computational (HPC, Cloud)
0 Data Analyzing tools

0 Storage services

0 Thematic Services related to covid-19

0 For scientific communities that perform extensive research to tackle the
COVID-19.

0 APPLY and gain Fast Track Access to NI4OS-Europe
resources:

O Are you a researcher, contributing in the fight against COVID-197
0 Seize the opportunity and make use of N140OS Fast Access Channel!
0 Contact us at: nidos-europe-covid19@ni4os-europe.eu

25
EuroCC Greece Workshop, 17 June 2021



0 The initiation procedure to the fast access channel is as follows:

0 Contact N140OS-Europe fast access channel at
ni4os-europe-covid19@ni4os-europe.eu and express your need by

briefly describing:
0 Area of research,
0 Estimated overall computational load and usage pattern in the near future,
0 Execution environment (programming language, libraries),
0 Parallelization requirements, if any,
0 Data exchange, etc.

0 Needs will be matched against the available resources and you we will
responded soon.

0 An online meeting might be arranged so that the needs of the project
are discussed.

0 You will be provided details on how to access the resources.

0 CPUs, GPUs, Phi-cards available.

26
EuroCC Greece Workshop, 17 June 2021



Computational Resources Available

0 Computational resources have already been
allocated to:

0 The Bioinformatics European Research Era Chair and the
Bioinformatics Group at the Cyprus Institute of
Neurology and Genetics.

0 “Network-based multiomics integration boosts drug
respurposing against COVID-19.”

27
EuroCC Greece Workshop, 17 June 2021



© 2021 Ingredio | www.ingred.io

d OpenAlRE | ADVANCE

Enhancing the food & cosmetics OpenAlRE
Research Graph for consumer health




Step 1

Step 2

Step 3

Step 4a

Step 4b

Workflow of the Project

Meeting with

Supervisor for
json scheme

Ingredio
database,
PubMaed,
OpenAIRE

Natural
Language
Processing

Bag of Words
Scikit-learn (UFS)

Deep Neural
Network:

Keras

Objective 1

Develop text mining and
Machine Learning
algorithms to extract
OpenAIRE data linking
chemical ingredients of
food &cosmetics to
potential health hazards

g6



Step 1

Step 2

Step 3

Step 4

Step 5

Workflow of the Project

NLTK Utils

Objective 2

BERT tokenizer
Pytorch libraries

|ldentifying new chemical
ingredients from the
Adamw OpenAlIRE data to enrich
Sl the OpenAlIRE research
graph & the Ingredio
database

Classification
Report

Human Curation
for new chemical
ingredients




Onboarding to EOSC (NI40S-Europe)

& C A Not Secure | 194.141.221.202 w

i35 Apps

v A dedicated server was provided
by NI40OS-Europe (BAS - Bulgaria)
stage 1 with 8 NVIDIA Tesla M2090 on

Classication of biomedical texts based on the condition that 24 1 202 1
there is a link between chemical ingredients of food and cosmetics
to allergies, irritation, cancer, and toxicity.

Biomedical Text Classify Text \/ A Web-server was dEVEIOpEd and
uploaded in
stage 2 https://ingredio.ni4os.eu/
Extract compound names from biomedical text.
Biomedical Text Find Compounds ‘/ Web'Server iS Onboarded in

NI40OS-Europe



Coordinator GRNET 2016: | Liabotis
Coordinator GRNET 2018: A Sotiropoulos
Supervisors: D Dellis (GRNET), Z Cournia (BRFAA)

|

2016:
Juan Zamora (Imperial Coll., UK)
Samanta Makurat (Gdansk U, PL)

2018:
Pedro Santos (Coimbra U, PT)



Infrastructure on High Performance Computing

H P ‘ Coordinator GRNET : E Athanasaki

Supervisors: Z Cournia (BRFAA) / D Dellis (GRNET)

Pan-European Research

Leandro Battini Phaedon Brotzakis Michail Paparoudakis
University of Buenos Aires ETH Zurich University of Ediburgh
Argentina Switzerland UK
15.11.2018 — 28.2.2019 8.1.2019 - 20.3.2019 1.2.2019 -20.4.2019
Optimization of Conformational studies Investigating
antivirals against of wild-type and predictive models for
Chikungunya virus using mutated K-Ras binding the discovery of new
Free Energy Perturbation to a membrane c-Myc inhibitors 33

method



Project Team & Thank youl!

Cournia lab (MD, drug design, cells) - e R
Dr. Evi Gkeka gp
Dr. Hari Leontiadou MARIE CURIE

loannis Galdadas, Christina Athanasiou

Efstratic
Dr. Ersi
Dr. Dimi

NCSR D
Couladc
Anna Kz
Maria O

gr

_; LUU/-£LUI1S
UniverSity Of Ioannina = HE oppo yio v ovintuEn
Christoforidis lab (cell-free assays)

Alexandra Papafotika :
Dr. Vasiliki Lazani @n{:ﬁ American Association for Cancer Research

Universi

Agianiai
Dr. Mari:

Zoe Cournia — Academy of Athens



BACKUP SLIDES
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The new era: GPU acceleration

Historical AMBER PMEMD Performance
(DHFR Production NVE 2fs)
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2006 2008 2010 2012 2014 2016

Year

Credit: Professor Ross Walker, UCSD Supercomputing Center, AMBER developer 36



